The archaeology of Amerindian settlements in the Caribbean has mostly been identified through scatters of artefacts; predominantly conglomerations of shells, ceramics and lithics. While archaeological material may not always be visible on the surface, particular settlement patterns may be identifiable by a topography created through cultural action: earthen mounds interchanging with mostly circular flattened areas. In northern Hispaniola, recent foot surveys have identified more than 200 pre-colonial sites of which several have been mapped in high resolution. In addition, three settlements with topographical characteristics have been extensively excavated, confirming that the mounds and flattened areas may have had a cultural connotation in this region. Without the availability of high resolution LiDAR (Light Detection and Ranging) data, a photogrammetric approach using UAS (unmanned aircraft system, commonly known as drones) can fill the knowledge gap on a local scale, providing fast and reliable data collection and precise results. After photogrammetric processing, digital clearance of vegetation, and extraction of the georeferenced DEM (digital elevation model) and orthophoto, filters and enhancements provide an opportunity to visualize the results in GIS. The outcome provides an overview of site size, and distribution of mounds and flattened areas. Measurement of the topographic changes in a variety of past settlements defines likely zones of habitat, and provides clues on the actual dimensions and density of living space. Understanding the relation of the mounds and adjacent flat areas within their environment allows a discussion on how, and for what purpose, the settlement was founded at a particular location, and provides clues about its spatial organization.
Background and Rationale
Of the hundreds of thousands of indigenous people that populated the Greater Antilles at the time of colonial encounters, only few survived the decades following the arrival of Columbus in 1492 due to diseases, mistreatment, enslavement and famine [1] (pp. 90-101). Because of the dramatic decline of the local population on the island of Hispaniola, and few records about their settlements in contemporary Spanish historical sources [1, 2] , knowledge about life and organization of these communities has to be gathered by other means. Archaeological research has increasingly taken a leading role in understanding society, life and death of the island's precolonial population [3, 4] . Evidence of Hispaniola's once dense population pattern is encountered in the material culture remains of the numerous settlements that dotted the island, many of which have been identified in archaeological surveys [5] [6] [7] [8] [9] [10] , [11] (pp. 239-275), [12] . The size of the currently known pre-Hispanic archaeological settlement sites ranges from small villages of less than a hectare, to larger settlements,
Objectives
Archaeological research on indigenous settlement styles in the Spanish dominated Caribbean has long been characterized by archaeological excavations of small dimensions [7, 8, [17] [18] [19] [20] [21] [22] [23] , which has contributed to a limited vision of the ways in which Native American groups changed the landscape. From that approach, the landscape has been essentially conceived primarily as a set of economic resources, whose exploitation directly conditioned social development of those communities.
The identification of Amerindian archaeological evidence in the Caribbean is dominated by surface material which serves as diagnostics: assemblages of punctuated sea shells, as well as ceramic sherds and lithics, such as stone tool fragments. The preferred method to georeference and register these sites in the north of Hispaniola has been the opportunistic, non-systematic field survey, depending on local knowledge and oral history, and involves community members as guides. Over several years the approximate size of a number of sites has been recorded and a small number of samples collected [15] . This approach has provided the opportunity to study location, distribution of material, and the potential interrelations between sites [7, 10, 15, 24, 25] . Many of the settlements recorded are positioned on mountain tops and plateaus of the Cordillera Septentrional, at altitudes between 50 and 700 m above sea level. Distance to the ocean varies from less than 0.5 up to 40 km (Figure 1 ). Another influencing factor was proximity to a water source, as many sites are situated near valleys, alluvial basins, and terraces or near the most important rivers of the region [10] , e.g., the Amina, Mao, Yaque, Canas, Bahabonico, and Unijica all being indigenous place names. High inter-visibility existed between settlements. Based on extensive archaeological field work conducted earlier (not GIS analysis), it was estimated that, from most sites, it was possible to see a minimum of three other sites, and either the ocean or the Cibao Valley were in view [10] . An example of visualizing this in GIS has been shown for the site of El Manantial [25] . This constituted a strategic priority for management and control of space; linked to a system of settlements, where partnerships and interactions connected different areas within the region [10] .
Remote Sens. 2016, 8, 791 3 of 17 management and control of space; linked to a system of settlements, where partnerships and interactions connected different areas within the region [10] . So far, only a small number of sites have been widely and systematically excavated in order to understand the diversity of forms of an indigenous settlement, and most were sites of larger dimensions, such as Atajadizo [26] , El Cabo [3, 27, 28] located in the easternmost part of the island; and the sites of Playa Grande [29] , El Flaco [4] , and the Haitian En Bas Saline [30] , located in the northern part. In some of these studies, as well as recent research, one of the main focuses of attention were the mounds ( [10] p. 143.), [25, 31, 32] with the intention to better understand their distribution and functionality, as well as to document the existence of dwellings, or other structures associated with them [4] . Following the field walking, a small number of test pit excavations and coring were performed into mounds to verify an anthropogenic origin [10] in this karstic landscape where small changes in the topography are common. However, none of the studies published so far included a comprehensive and comparative topographic landscape survey to understand the space in between the mounds. In this regard, the few published examples on geophysical prospection surveys of Amerindian heritage in the Caribbean show only limited success [33] [34] [35] , and excavations have been the main method to approach the subject in depth. The newly introduced drone photogrammetry also relied on the information from earlier field surveys and site visits, to identify sample sites that had the right attributes for a successful survey. The Amerindian dwellings were single story, circular structures made from wood and thatch that existed in different sizes, from seven to ten meters in diameter [3] depending on their function. They are represented by small depressions in the ground, where the slope was once flattened for the house base ( Figure 2 ). Today, archaeological excavations only reveal the remaining postholes. Excavations of up to one meter deep and five to ten meters wide showed that the layered artificial mounds had multiple functions, i.e., from garbage deposits, to kitchen gardens, cooking areas and burial grounds [4] . So far, only a small number of sites have been widely and systematically excavated in order to understand the diversity of forms of an indigenous settlement, and most were sites of larger dimensions, such as Atajadizo [26] , El Cabo [3, 27, 28] located in the easternmost part of the island; and the sites of Playa Grande [29] , El Flaco [4] , and the Haitian En Bas Saline [30] , located in the northern part. In some of these studies, as well as recent research, one of the main focuses of attention were the mounds ([10] p. 143.), [25, 31, 32] with the intention to better understand their distribution and functionality, as well as to document the existence of dwellings, or other structures associated with them [4] . Following the field walking, a small number of test pit excavations and coring were performed into mounds to verify an anthropogenic origin [10] in this karstic landscape where small changes in the topography are common. However, none of the studies published so far included a comprehensive and comparative topographic landscape survey to understand the space in between the mounds. In this regard, the few published examples on geophysical prospection surveys of Amerindian heritage in the Caribbean show only limited success [33] [34] [35] , and excavations have been the main method to approach the subject in depth. The newly introduced drone photogrammetry also relied on the information from earlier field surveys and site visits, to identify sample sites that had the right attributes for a successful survey. The Amerindian dwellings were single story, circular structures made from wood and thatch that existed in different sizes, from seven to ten meters in diameter [3] depending on their function. They are represented by small depressions in the ground, where the slope was once flattened for the house base ( Figure 2 ). Today, archaeological excavations only reveal the remaining postholes. Excavations of up to one meter deep and five to ten meters wide showed that the layered artificial mounds had multiple functions, i.e., from garbage deposits, to kitchen gardens, cooking areas and burial grounds [4] . 
Methods
Unlike places of particular interest, such as the volcano of Montserrat [36] or promising natural resources, few regions in the Caribbean have been flown with high resolution LiDAR, and the Dominican Republic is not one of these countries. Drone photogrammetry can fill the void for mapping surveys in a local perspective. The tradition to utilize aerial imagery in archaeology is nearly as old as the first flight trials, and satellite and aerial platforms with active and passive sensors that reach into frequencies outside the visible electromagnetic spectrum have also been embraced in archaeology (e.g., hyperspectral [37] , or SAR (synthetic aperture radar) [38, 39] ). While here, using only the visible spectrum, the particular advantages of drones in archaeology are their simple operability [40] : flights can be set up anytime and anywhere, can be frequently repeated, and image resolution is only dependent on flight height or distance to the target [41] . The main disadvantage is the limited flight time and area coverage. Poor weather such as rain or high winds, high and thick vegetation restrict recording possibilities, and flight regulations have increased, which vary by country. The method was tested initially at El Manantial, a large open site in the Dominican province of Montecristi, to compare the interpretation from field survey and satellite imagery with the topographic outcome from the drone flights [25] .
Another aspect has been the improved applicability of photogrammetric software, facilitating the processing workflow in the construction of DEMs [41] , which has resulted in numerous applications in archaeological and heritage studies [42] [43] [44] [45] [46] [47] [48] [49] . While photography and associated photogrammetry is limited by vegetation [43] , the pivotal gimbal of the applied camera drone allows the collection of vertical, as well as oblique aerial photos in one flight, providing coverage below the canopy of individual trees. Shrub or high ground vegetation, however, has proven impenetrable, resulting in reduced data capture, at times leaving voids in the DEM; only limited filtering was done in the resulting point cloud to solve this problem.
The surveys were performed using a DJI Phantom II quadcopter with a GoPro 3+ connected by a gimbal H3-2D, and later by a H3-3D; see Table 1 for specifications. 
The surveys were performed using a DJI Phantom II quadcopter with a GoPro 3+ connected by a gimbal H3-2D, and later by a H3-3D; see Table 1 for specifications. Using a non-programmable drone, flights had to be done in a non-systematic pattern, with continuous view of the quadcopter, generally setting the gimbal to a 45 degree angle. The camera was set to its highest resolution of 12 MB, taking one photo every second, resulting in the collection of several hundred photos per site ( Table 2 ). As ground control points, large white reference crosses were laid out as markers at the site and measured by total station and handheld GPS to extract and geo-reference the photogrammetric model. Depending on site size and tree coverage, between four and eight markers could be identified in the photogrammetric models. Most images are displayed in a local coordinate system. The accuracy of the handheld GPS was insufficient to precisely georeference the models since the elevation changes needed to be recorded in high accuracy. Another reason is to prevent looting of these unprotected sites with sensitive archaeological information. The approximate location of all surveyed sites can be found in Table 2 . The collected images were processed in Agisoft Photoscan following standard photogrammetric procedures to create a high resolution DEM and orthophoto for each site. The structure-from-motion algorithm performed well, considering the use of a not manually calibrated and strongly distorting 'fisheye' lens, and utilizing the full photo for processing. The software however recognizes the camera lens correctly, adjusting the distortion and minimizing the error. Earlier trials for mapping structures had been successful applying the automatic calibration of the camera [50] . The high density point cloud was manually cleared of pixels from trees and bushes, leaving only topographic information for the mesh creation. Marker crosses were identified in overlapping pictures and given the associated xyz-reference. As in most cases, they were recorded by total station, this means heights and locations were measured in a site specific reference system, while GPS points were taken by handheld GPS for the approximate site location. The resulting 3D models and orthophotos were exported and uploaded into ArcGIS for visualization and analysis. ArcScene was also particularly helpful to rotate the DEMs, to better understand and map the topography in a 3D view. Other algorithms such as 'sky view factor' [51] , 'slope gradient', and 'openness', were tried through software commonly used for LiDAR data (such as the 'Relief Visualization Toolbox'), which did not improve the visualization. To extract the subtle differences of mounds and flattened areas to the natural environment, a combination of three representations of the topography were created and overlaid in ArcGIS: a color DEM (50% visibility), slope (50% visibility, from less slope = dark, to strong slope = light), over a hill shade model. This combination allowed the picking out of the circular dark areas of lesser slope, most likely showing the flattened areas of former houses, while the mounds are distinguished by their convex form and are highlighted by the DEM color representation. The color scheme of the DEM was set to range from the lowest to the highest point of where the terrain modification was identifiable within each settlement, to distinguish the slight height differences between flattened areas and mounds in the highest resolution possible, disregarding the height difference of the full DEM range. The height difference lies between a few decimeters and several meters on hill side settlements. Looking through different visualizations of models and orthophotos in 2D and 3D and external drone material, both types, mounds and flattened areas, were marked in GIS as polygons and their dimension calculated for statistical analysis.
Discussion
The site of El Flaco is located on the southern slope of the Cordillera Septentrional, overlooking the Valle del Cibao along the Ruta de Colon; the route that Columbus used in 1494 to conduct initial colonization campaigns, and conquer the island [4, [52] [53] [54] [55] . While large trees remain standing, large areas of the medium size settlement were cleared of brush for large scale excavations. The site's topography was recorded by drone three times over the period of one year [48, 56] . Combined with surface survey and excavations the results showed a pattern of mounds and platforms [4] , providing hints on settlement pattern and spatial layout of Amerindian settlements. The natural slope had been artificially transformed into a landscape of interchanging mounds and flattened areas. The excavations revealed that at this location, however, not all mounds were anthropogenic: some of them were remainders of the topography of the karstic rock base. Between the mounds, the flat areas or platforms revealed large numbers of circularly arranged postholes, remains of large circular structures for habitation, approximately 7 to 10 m in diameter, and smaller circles of cooking huts and auxiliary buildings [4] (Figure 3) . software commonly used for LiDAR data (such as the 'Relief Visualization Toolbox'), which did not improve the visualization. To extract the subtle differences of mounds and flattened areas to the natural environment, a combination of three representations of the topography were created and overlaid in ArcGIS: a color DEM (50% visibility), slope (50% visibility, from less slope = dark, to strong slope = light), over a hill shade model. This combination allowed the picking out of the circular dark areas of lesser slope, most likely showing the flattened areas of former houses, while the mounds are distinguished by their convex form and are highlighted by the DEM color representation. The color scheme of the DEM was set to range from the lowest to the highest point of where the terrain modification was identifiable within each settlement, to distinguish the slight height differences between flattened areas and mounds in the highest resolution possible, disregarding the height difference of the full DEM range. The height difference lies between a few decimeters and several meters on hill side settlements. Looking through different visualizations of models and orthophotos in 2D and 3D and external drone material, both types, mounds and flattened areas, were marked in GIS as polygons and their dimension calculated for statistical analysis.
The site of El Flaco is located on the southern slope of the Cordillera Septentrional, overlooking the Valle del Cibao along the Ruta de Colon; the route that Columbus used in 1494 to conduct initial colonization campaigns, and conquer the island [4, [52] [53] [54] [55] . While large trees remain standing, large areas of the medium size settlement were cleared of brush for large scale excavations. The site's topography was recorded by drone three times over the period of one year [48, 56] . Combined with surface survey and excavations the results showed a pattern of mounds and platforms [4] , providing hints on settlement pattern and spatial layout of Amerindian settlements. The natural slope had been artificially transformed into a landscape of interchanging mounds and flattened areas. The excavations revealed that at this location, however, not all mounds were anthropogenic: some of them were remainders of the topography of the karstic rock base. Between the mounds, the flat areas or platforms revealed large numbers of circularly arranged postholes, remains of large circular structures for habitation, approximately 7 to 10 m in diameter, and smaller circles of cooking huts and auxiliary buildings [4] (Figure 3) . When disregarding the excavated areas and spoil piles, the photogrammetric results mark out the complex topography of the site (Figure 4) . As a trial survey, ground penetrating radar profiles were carried out at El Flaco, intending to visualize the mounds in a GPR transect. Using a Mala 250 Mhz cart system the limited quality of the radargrams, however, showed neither bedrock depth-at some locations only about 50 cm below the surface-nor the delimitations of the anthropogenic mounds. In the investigated region, the method was therefore deemed unsuitable to clearly define archaeologically relevant Amerindian evidence.
Based on the photogrammetric results from El Manantial and El Flaco, six late pre-colonial archaeological sites were selected based on three factors: their indisputably transformed landscape, When disregarding the excavated areas and spoil piles, the photogrammetric results mark out the complex topography of the site (Figure 4) . As a trial survey, ground penetrating radar profiles were carried out at El Flaco, intending to visualize the mounds in a GPR transect. Using a Mala 250 Mhz cart system the limited quality of the radargrams, however, showed neither bedrock depth-at some locations only about 50 cm below the surface-nor the delimitations of the anthropogenic mounds. In the investigated region, the method was therefore deemed unsuitable to clearly define archaeologically relevant Amerindian evidence.
Based on the photogrammetric results from El Manantial and El Flaco, six late pre-colonial archaeological sites were selected based on three factors: their indisputably transformed landscape, limited vegetation, and a relatively small impact by modern development or agriculture. In that sense, these sites differ from the site of El Manantial, where modern deep ploughing had affected the topography immensely, leaving only traces of the mounds and revealing no flattened areas for potential house constructions [25] . El Carril is located in Valverde Province, while Laguna Grande, Popi, Negrito and Rafelito Rosa are in Puerto Plata, and Percio Cruz in Montecristi, see Figure 1 . These six sites represent a variety of location types, including flat terrain, hilltops, flanks and ridges. The sites of Laguna Grande and El Carril can be considered large habitation sites, while El Flaco and Percio Cruz are midsize. Rafelito Rosa, Negrito and Popi are smaller; their extent is delimited by the environmental setting in their location, e.g., situated on steep inclines (Negrito) or hilltops (Rafelito Rosa). Small scale excavations had been conducted at most of these sites to obtain an insight into the chronology and stylistic affiliation [7, 10, 11] . limited vegetation, and a relatively small impact by modern development or agriculture. In that sense, these sites differ from the site of El Manantial, where modern deep ploughing had affected the topography immensely, leaving only traces of the mounds and revealing no flattened areas for potential house constructions [25] . El Carril is located in Valverde Province, while Laguna Grande, Popi, Negrito and Rafelito Rosa are in Puerto Plata, and Percio Cruz in Montecristi, see Figure 1 . These six sites represent a variety of location types, including flat terrain, hilltops, flanks and ridges. The sites of Laguna Grande and El Carril can be considered large habitation sites, while El Flaco and Percio Cruz are midsize. Rafelito Rosa, Negrito and Popi are smaller; their extent is delimited by the environmental setting in their location, e.g., situated on steep inclines (Negrito) or hilltops (Rafelito Rosa). Small scale excavations had been conducted at most of these sites to obtain an insight into the chronology and stylistic affiliation [7, 10, 11] . The surveys counted considerably less mounds (varying between 8 and 42) than flattened areas (between 17 and 78) at either site (see Table 3 ). This discrepancy, however, may be a result of the verification method: the often circular flattened areas appear relatively clear in the photogrammetric results, while the presence, sfhape, and size of the mounds are not only linked to cultural processes but often include the characteristics of the topography. The exact number of anthropogenic mounds could only be verified by investigating the stratigraphy through excavations or coring. The surveys counted considerably less mounds (varying between 8 and 42) than flattened areas (between 17 and 78) at either site (see Table 3 ). This discrepancy, however, may be a result of the verification method: the often circular flattened areas appear relatively clear in the photogrammetric results, while the presence, sfhape, and size of the mounds are not only linked to cultural processes but often include the characteristics of the topography. The exact number of anthropogenic mounds could only be verified by investigating the stratigraphy through excavations or coring. The settlements of Negrito, Popi and Rafelito Rosa show a number of similarities. They are situated relatively close to the sea, are at comparable heights, and face the Atlantic coast in viewing distance, providing optimal visibility. Only the uppermost part of these hill sites show clear transformation, indicating that the combination of good visibility and a gentle slope could have influenced the set up at this location. This area was transformed to human needs by using the existing topography and the limited available space. While located at different spots and varying environments, a similar number of flattened areas was counted, indicating small villages. The arrangement of the flattened areas appears intentional, using, but also alternating, the local topography, creating a dispersed rather than centralized village, a pattern mentioned also in historic accounts [57] . At Negrito the flattened areas are lined up along the down sloping ridge, each situated a bit lower than the previous one, using the narrow space completely. At Popi the broader space and flatter terrain allowed two parallel rows of flattened areas next to each other. Rafelito Rosa (see Figure 5 ) is located 70 m.a.s.l. (meters above sea level), on top of a hill with a steep slope overlooking the Atlantic Ocean. The area was recently freed of tree cover, leaving only tree stumps and light shrub, and revealing a generally undisturbed surface. The flattened areas are arranged as terraces from the ridge of the hill downwards, which would have provided each single story hut a view towards the sea. All flattened areas appear to have been dug into the hill, each protected by an earthen ring wall uphill. The slope model, enhanced by a hill shade overlay, shows that adjacent platforms partly intersect, or are in very close proximity to each other. If all flattened areas had been occupied simultaneously, the buildings would have been very close to each other, allowing little communal space in between but possibly providing protection from strong winds. The settlements of Negrito, Popi and Rafelito Rosa show a number of similarities. They are situated relatively close to the sea, are at comparable heights, and face the Atlantic coast in viewing distance, providing optimal visibility. Only the uppermost part of these hill sites show clear transformation, indicating that the combination of good visibility and a gentle slope could have influenced the set up at this location. This area was transformed to human needs by using the existing topography and the limited available space. While located at different spots and varying environments, a similar number of flattened areas was counted, indicating small villages. The arrangement of the flattened areas appears intentional, using, but also alternating, the local topography, creating a dispersed rather than centralized village, a pattern mentioned also in historic accounts [57] . At Negrito the flattened areas are lined up along the down sloping ridge, each situated a bit lower than the previous one, using the narrow space completely. At Popi the broader space and flatter terrain allowed two parallel rows of flattened areas next to each other. Rafelito Rosa (see Figure  5 ) is located 70 m.a.s.l. (meters above sea level), on top of a hill with a steep slope overlooking the Atlantic Ocean. The area was recently freed of tree cover, leaving only tree stumps and light shrub, and revealing a generally undisturbed surface. The flattened areas are arranged as terraces from the ridge of the hill downwards, which would have provided each single story hut a view towards the sea. All flattened areas appear to have been dug into the hill, each protected by an earthen ring wall uphill. The slope model, enhanced by a hill shade overlay, shows that adjacent platforms partly intersect, or are in very close proximity to each other. If all flattened areas had been occupied simultaneously, the buildings would have been very close to each other, allowing little communal space in between but possibly providing protection from strong winds. The more leveled terrain at Percio Cruz and El Carril, situated on broad hill tops, or Laguna Grande, in the coastal plain, provided space to spread out further. Although very different in size, all three settlements seem to have a large flattened area within the spatial layout. Percio Cruz (Figure 6 ) is located in a valley south of the main range of the Cordillera Septentrional, on a small hill that is dwarfed by the mountains in their surroundings. Dotted with small trees, the area is used for grazing. The strategic location allows a visual control of most of the valley, its flat ridge is delimited at three sides by a steeper slope, while the site opens up to the west into a broader space of the same elevation that remained unmodified. The flattened areas are positioned on the hill top, and on its southern flanks, some of which intersect with each other, complicating the individual count. Most flat or likely house areas are at the same height level, either dug into the soil or delimited by earthworks, while the slope further downhill has not been visibly altered. The more leveled terrain at Percio Cruz and El Carril, situated on broad hill tops, or Laguna Grande, in the coastal plain, provided space to spread out further. Although very different in size, all three settlements seem to have a large flattened area within the spatial layout. Percio Cruz (Figure 6 ) is located in a valley south of the main range of the Cordillera Septentrional, on a small hill that is dwarfed by the mountains in their surroundings. Dotted with small trees, the area is used for grazing. The strategic location allows a visual control of most of the valley, its flat ridge is delimited at three sides by a steeper slope, while the site opens up to the west into a broader space of the same elevation that remained unmodified. The flattened areas are positioned on the hill top, and on its southern flanks, some of which intersect with each other, complicating the individual count. Most flat or likely house areas are at the same height level, either dug into the soil or delimited by earthworks, while the slope further downhill has not been visibly altered. Located in a mostly flat floodplain, the location of Laguna Grande (Figure 7) is not limited by any natural barriers. A low lying hill provides only minimal visibility. All flattened areas were detected alongside the western part of the hill and dug into the elevated area, which is delimited to the east by a straight cut off. Whether this was the limit of a communal space, a type of plaza, or a modern alteration is not readily determinable. The latter was deemed a possibility due to the very recent construction of a water catchment on the western side.
The site of El Carril (Figure 8 ) dominates the southern exit of a narrow gorge transecting the Cordillera Septentrional. Evidence of the settlement is found over a stretch of over five hundred meters in length, and the particular location may have had an influence on its size. The southern part is a broad, flat ridge, while the northern part, separated by a modern road, rises towards the North. The whole settlement is delimited on its sides by a steep slope. Veloz Maggiolo counted 124 mounds using aerial photos and limited surface surveys [58] (pp. 311-313), [59] . The current photogrammetric GIS study challenges these results and suggests that the previous interpretations were rather inaccurate. Since the area has not been impacted by new developments in recent years, the actual Located in a mostly flat floodplain, the location of Laguna Grande (Figure 7) is not limited by any natural barriers. A low lying hill provides only minimal visibility. All flattened areas were detected alongside the western part of the hill and dug into the elevated area, which is delimited to the east by a straight cut off. Whether this was the limit of a communal space, a type of plaza, or a modern alteration is not readily determinable. The latter was deemed a possibility due to the very recent construction of a water catchment on the western side.
The site of El Carril (Figure 8 ) dominates the southern exit of a narrow gorge transecting the Cordillera Septentrional. Evidence of the settlement is found over a stretch of over five hundred meters in length, and the particular location may have had an influence on its size. The southern part is a broad, flat ridge, while the northern part, separated by a modern road, rises towards the North. The whole settlement is delimited on its sides by a steep slope. Veloz Maggiolo counted 124 mounds using aerial photos and limited surface surveys [58] (pp. 311-313), [59] . The current photogrammetric GIS study challenges these results and suggests that the previous interpretations were rather inaccurate. Since the area has not been impacted by new developments in recent years, the actual topography map is very well comparable to Veloz Maggiolo's drawn plan from the 1970s but shows a very distinct picture. With the photogrammetric approach, only 42 mounds of different sizes and shapes were counted, bordering 78, mostly circular, flat areas. Large parts of the area however are covered by shrub, and the flights were done in the rainy season, with high grass affecting the count. The most prominent outcomes, however, are several long, possibly connected earthworks that delimit a flat surface of 150 m in length in the central area. The function of this arrangement should be the focus of investigation in future excavations. In the Greater Antilles, indigenous plazas have been characterized by large geometric spaces that had a ceremonial function, and often adjacent to areas with a residential purpose (s. a. El Atajadizo: [26] (p. 71); [60] ). The extensive leveled surfaces identified in the survey are unlike the well-known indigenous ceremonial plazas in the eastern and southeastern part of the island or in Puerto Rico, demarked by vertical stones featuring petroglyphs. However, in the centre and northwest of Hispaniola, the currently known plazas, Chacuey and La Cacique, have been described as either forming an elevated ground, or a linear or oval geometry [58, 60] , therefore not unlike the sites investigated. The plaza of Chacuey, in the northwest of the Dominican Republic, and close to the Haitian border, is a raised artificial mound ( Figure 9 ) that was connected to the nearby river by a linear earthwork, which is now intersected by a modern road. Quite severely differentiating from the mid-twentieth century plan [61] the oval shaped mound is highlighted in the 3D model, while the purpose of the piles of small boulders in the surrounding landscape is undetermined. In the Greater Antilles, indigenous plazas have been characterized by large geometric spaces that had a ceremonial function, and often adjacent to areas with a residential purpose (s. a. El Atajadizo: [26] (p. 71); [60] ). The extensive leveled surfaces identified in the survey are unlike the well-known indigenous ceremonial plazas in the eastern and southeastern part of the island or in Puerto Rico, demarked by vertical stones featuring petroglyphs. However, in the centre and northwest of Hispaniola, the currently known plazas, Chacuey and La Cacique, have been described as either forming an elevated ground, or a linear or oval geometry [58, 60] , therefore not unlike the sites investigated. The plaza of Chacuey, in the northwest of the Dominican Republic, and close to the Haitian border, is a raised artificial mound ( Figure 9 ) that was connected to the nearby river by a linear earthwork, which is now intersected by a modern road. Quite severely differentiating from the mid-twentieth century plan [61] the oval shaped mound is highlighted in the 3D model, while the purpose of the piles of small boulders in the surrounding landscape is undetermined. 
Conclusions
The combination of traditional archaeological and advanced technical methods to map settlement patterns in the Caribbean has proven very successful. In combination with excavations, the applicability of drones to create photogrammetric models provides a more comprehensive vision of the use of space by the Amerindians. Until now, traditional research emphasis had been on the mounds. However, the photogrammetric survey has served to go beyond recording only positive 
The combination of traditional archaeological and advanced technical methods to map settlement patterns in the Caribbean has proven very successful. In combination with excavations, the applicability of drones to create photogrammetric models provides a more comprehensive vision of the use of space by the Amerindians. Until now, traditional research emphasis had been on the mounds. However, the photogrammetric survey has served to go beyond recording only positive topography, now also including the negative imprints with emphasis on the flattened areas. The digitally enhanced visual survey of the presented eight different locations, reveals a clear organization of living space at the settlement sites. The diameter of these leveled surfaces, partly dug into the side of the hill and often circular in shape, ranges from about 7 to 15 m. In recent excavations of circular arranged post holes, it was shown that these flattened areas served as a base for house construction; with raised earthen mounds of varying size, length and shape adjacent to them. The method highlights therefore the importance of the often ignored 'space within' in these settlements, and necessity to investigate them by novel means, such as drone photogrammetry, providing new, comprehensive information on their organization.
This only recently discovered phenomenon, the combination of mounds with flattened areas, has only been found within the 'Taíno'-sphere of interaction in the Caribbean [60] [61] [62] [63] , but not from the lesser Antilles or Central America, making it a unique type of settlement. In northern Hispaniola, the observed landscape transformation, however, can be traced in various locations over the complete region that created a particular settlement type. The opportunity to quantify the human impact and living space and estimate the size of the settlements offers a new classification into large, medium or small settlements through primary distinction of its features, according to the extent of earthen remodeling and the number of features detected. An interesting additional rationale from the diagrams, which places the size of the settlement by number of mounds/flattened areas against the size of these features ( Figure 10 ) is that mounds and flattened areas are considerably larger in settlements of great dimensions, such as Percio Cruz and particularly El Carril. topography, now also including the negative imprints with emphasis on the flattened areas. The digitally enhanced visual survey of the presented eight different locations, reveals a clear organization of living space at the settlement sites. The diameter of these leveled surfaces, partly dug into the side of the hill and often circular in shape, ranges from about 7 to 15 m. In recent excavations of circular arranged post holes, it was shown that these flattened areas served as a base for house construction; with raised earthen mounds of varying size, length and shape adjacent to them. The method highlights therefore the importance of the often ignored 'space within' in these settlements, and necessity to investigate them by novel means, such as drone photogrammetry, providing new, comprehensive information on their organization. This only recently discovered phenomenon, the combination of mounds with flattened areas, has only been found within the 'Taíno'-sphere of interaction in the Caribbean [60] [61] [62] [63] , but not from the lesser Antilles or Central America, making it a unique type of settlement. In northern Hispaniola, the observed landscape transformation, however, can be traced in various locations over the complete region that created a particular settlement type. The opportunity to quantify the human impact and living space and estimate the size of the settlements offers a new classification into large, medium or small settlements through primary distinction of its features, according to the extent of earthen remodeling and the number of features detected. An interesting additional rationale from the diagrams, which places the size of the settlement by number of mounds/flattened areas against the size of these features ( Figure 10 ) is that mounds and flattened areas are considerably larger in settlements of great dimensions, such as Percio Cruz and particularly El Carril. As mapped in earlier studies, depending on the season, all settlement sites would have had access to nearby water sources [10] . The natural topography possibly impacted not only the population size of the settlements. Limited by natural boundaries such as steep slopes or ridges, the smaller sites on the upper slopes of the hills may have been strategically placed to manage the region from different locations. By establishing areas of different activities, as well as strategies of interaction, to connect multiple locations and control the space within. Open sites, unbounded by natural barriers and situated in places that provided a relatively broad and flat surface, such as El Carril or Laguna Grande, still show heavy transformations of the landscape. El Carril, with its strategic location guarding a narrow pass through the cordillera, is extraordinary in size; the number of detected earthen features exceeds any other investigated settlement by far, therefore clearly As mapped in earlier studies, depending on the season, all settlement sites would have had access to nearby water sources [10] . The natural topography possibly impacted not only the population size of the settlements. Limited by natural boundaries such as steep slopes or ridges, the smaller sites on the upper slopes of the hills may have been strategically placed to manage the region from different locations. By establishing areas of different activities, as well as strategies of interaction, to connect multiple locations and control the space within. Open sites, unbounded by natural barriers and situated in places that provided a relatively broad and flat surface, such as El Carril or Laguna Grande, still show heavy transformations of the landscape. El Carril, with its strategic location guarding a narrow pass through the cordillera, is extraordinary in size; the number of detected earthen features exceeds any other investigated settlement by far, therefore clearly indicating that it must have had an exceptional role. Here, like at the other larger settlements, evidence of a centralized, enclosed space indicates a communal purpose. It would be reasonable to make it the focus of archaeological research of the Nexus1492 Project in upcoming years. In general, the study has shown the great potential of applying drones in landscape archaeology to reveal small, human made transformations that are not quantifiable using traditional techniques. With increasing flight time and pay load (to add different sensors), maneuverability, and the possibility to plan and schedule the flight path for efficient coverage, drones offer an economic and reliable solution to analyze archaeology and heritage sites of much larger dimensions, becoming an actual rival to LiDAR surveys.
